The objective of this study is to investigate the interpretation of pressure transient responses from horizontal wells with single and multiple hydraulic fractures using the commercial reservoir simulator. In addition, the research will focus on identifying the impact of the reservoir and fracture properties on the flow regimes of a horizontal well producing from the low permeability reservoirs.
The different flow regimes appear during horizontal-well transient flow. However, the existence of these flow regimes is closely associated with the dimensions of the half length of the fracture, fracture permeability, drainage area, horizontal well length, etc. Hence, it is common that some flow regimes are not present.
The impact of some of the reservoir parameters was analyzed. Drainage area, horizontal well length and reservoir permeability were found to have an impact on flow regimes. In addition to the reservoir parameters, a range of hydraulic fracture parameters was studied. The number of hydraulic fracture, fracture width and fracture half-length were found to have an impact on flow regimes. Fracture permeability and fracture porosity have no major impact on flow regimes. 
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INTRODUCTION
Horizontal drilling with multiple hydraulic fracturing has recently become the key technology to achieve economic production from shale gas reservoirs. The hydraulic fracturing is a formation stimulation practice which is used to increase permeability in a formation. Horizontal drilling technology is widely used to increase drainage area and productivity of the low permeability reservoirs. transient flow regimes for a long period. Therefore, the production performances of these wells are dominated by the characteristics of transient flow regime (Medeiros, F. et al, 2007) .
In this research, a reservoir simulation model was constructed to identify the effect of the multiple hydraulic fractures on horizontal well flow regime in unconventional reservoirs. In addition, the impact of the reservoir and hydraulic fracture properties were investigated.
The flow regimes can be characterized by the slope of the plot of pressure change and its derivative versus time on diagnostic plot. In addition, these flow regimes are affected by reservoir parameters and fracture properties such as half length of fracture, fracture permeability, drainage area, horizontal well length, etc. Hence, one or more flow regimes may not be present under certain conditions.
LITERATURE REVIEW
Unconventional Reservoirs
Conventional reservoirs are high permeability reservoirs. Hence, they can produce at the commercial flow rate without stimulation treatments or any special recovery process.
The unconventional reservoirs cannot be produced at an economic flow rate. The low permeability reservoirs such as shale gas, tight sand, and coal bed methane require massive stimulation treatments to improve the permeability. Hence, horizontal drilling and hydraulic fracturing are proven technologies for production from the low permeability reservoirs at an economic flow rate. 
Shale Gas
Natural gas production from shale formations (shale gas) has grown significantly in recent years and become an important source in the United States. Gas shales are organic-rich formations that were previously regarded only as source rocks and seals for gas accumulating in conventional sandstone and carbonate reservoirs (Zammerilli, Anthony M., 2010) .Wells may be drilled either vertically or horizontally and most are hydraulically fractured to stimulate production.
The shale gas resources present in the lower 48 states are shown in Figure 3 . The most active shales are the Barnett Shale, the Haynesville shale, the Antrim Shale, the Fayetteville Shale, the Marcellus Shale, and the New Albany Shale. Table 1 explains the comparison of data for gas shales in the United States. 
Horizontal well
In the last few years, many horizontal wells have been drilled around the world. The major purpose of a horizontal well is to enhance reservoir contact and thereby enhance well productivity.
Horizontal well technology has been successfully applied in unconventional reservoirs (Low permeability reservoirs) to improve the gas production rate. Horizontal wells are now common in many reservoir management applications. Horizontal drilling with multiple hydraulic fracturing is the key to improve the productivity of the wells especially those which are drilled in tight formation reservoirs. rapidly throughout the oil or gas industry as advances in drilling techniques continue. The major advantage of a horizontal well is used to increase reservoir contact area over vertical wells.
Currently, one can drill as long as a 3,000 to 4,000 ft long well. Horizontal wells have been used effectively in the following applications: 1) Intersecting natural fractures as shown in Figure 4 .
2) Exploiting thin oil and gas zones (Figure 4) .
3) Reducing water and gas coning ( Figure 4 ). 4) Enhancing heavy oil recovery (Figure 4) .
5)
In the reservoir with vertical bedding planes "multiple layers" as shown in Figure . The major disadvantage is that one pay zone can be drained per horizontal well. The other disadvantage of horizontal wells is the higher cost. Typically it costs about 1.4 to 3 times more than a vertical well. Hence, for an economic success, producible reserves from a horizontal well not only have to be proportionately larger, but they should also be produced in a shorter span than a vertical well (Joshi, S.D, 1991) .
Hydraulic Fracturing of Horizontal Well
The main objective of the fractured a horizontal well is to improve the production capability of the well to achieve commercial flow rates as well as to prevent the damage around the wellbore. Hydraulic fracturing is a formation stimulation practice used to create additional permeability in a producing formation. By creating additional permeability, hydraulic fracturing facilitates the migration of fluids to the wellbore for purposes of production (Daniel Arthur, 2009 
Dimensionless Fracture Conductivity
The dimensionless fracture conductivity (F cd ) is one of the important parameters in a well stimulation design. The dimensionless fracture conductivity plays an important role to determine the kind of flow regimes. By the below equation, if the F cd is less than 100, it shows bilinear flow which occurs in finite "low" fracture conductivity, or if the F cd is more than 100, it shows linear flow which occurs in infinite "high" fracture conductivity. The F cd is a function of the fracture permeability (k f ), fracture width (w f ), formation permeability (k), and fracture half length (x f ).
The conductivity fracture can be divided into: 
Infinite Conductivity Fracture
There is no pressure drop along the fracture 
Finite Conductivity Fracture
In this case, there is pressure drop along fracture In addition to that, bilinear flow occurs in finite "low" fracture conductivity, and linear flow occurs in infinite "high" fracture conductivity, on log-log plot of pressure change and derivative pressure versus time. The log-log plot exhibits slope of one-quarter for bilinear flow and slope of one-half for linear flow.
Pressures Transient Analysis
Well test analysis for both vertical and horizontal wells is a powerful tool for determining the complex reservoir characteristics. Well testing is used to estimate the absolute permeability (k), skin factor (s), reservoir pressure (p r ), fracture half-length (x f ), and fracture conductivity (k f w f ).
There are different flow regimes that may occur in a horizontal well with single or multiple hydraulic fractures, including fracture radial flow, radial linear or bilinear flow, formation linear flow and pseudo-radial flow as shown in Figure 8 . The flow regimes can be identified by plotting the pressure change (∆p), and its derivative (∆p`) on log-log scale versus time (∆t). These flow regimes are characterized by the slope of the line on the log-log plot. Depending on the magnitudes of the reservoir parameters, one or more flow regimes may not be present. 
Flow Regimes for Fractured Horizontal Well
There are different flow regimes that may be present in horizontal well with single or multiple hydraulic fractures. Larsen and Hegre (1994) found that, during this flow period, the production only is coming from the fracture. The fracture radial flow usually is masked by wellbore storage. It is characterized by a zero slope on the log-log graph. The duration of the fracture radial flow is usually very short.
Fracture Radial Flow
Radial-Linear Flow
The radial-linear flow is usually encountered very early in time and it will most likely be masked by the presence of wellbore storage. The flow period is called radial-linear flow because the flow is radial towards the wellbore in the fracture and linear towards the fracture surface in the formation.
Bilinear Flow
The bilinear flow is present whenever most of the fluid entering the wellbore comes from the formation and fracture tip effects have not yet affected the well behavior. The bilinear flow is exhibited by finite conductivity fractures, (C fd <100). This flow regime has two linear flows occurring simultaneously, one of the linear flows is in the fracture and the other linear flow is in the formation. During the bilinear flow period, (∆p) is the linear function of (t 1/4 ) on Cartesian coordinate paper. A log-log plot of (∆p) as a function of time exhibits a slope of one-quarter; the derivative also has a slope of one-quarter during this time period (Lee, J. and Wattenbarger, R. A., 1996) .
Formation Linear Flow
The formation linear flow occurs when horizontal linear flow in the formation is towards the fracture and incompressible flow behavior in the fracture. The formation linear flow is exhibited by high conductivity fracture (C fd > 100). On Cartesian coordinate paper, (∆p) is a linear function of (t 1/2 ) , and log-log plots of both (∆p) and pressure derivative as a function of time exhibits a slope of one-half (Lee, J. and Wattenbarger, R. A.,(1996) and Larsen and Hegre, (1994) ).
Pseudo-Radial Flow
Pseudo-radial flow is very similar to the radial flow which commonly occurs in the reservoir. It usually takes a significant amount of time to be present. Pseudo-radial flow occurs as soon the reservoir has stabilised and behaves like a common reservoir. It is characterized by a zero slope on the log-log graph. Brown et al (2009) explained the concept of the trilinear flow for fractured horizontal wells. They indicated that the basis of the trilinear flow is the productive life for hydraulically fractured wells dominated by linear flow regimes, as shown in Figure 9 . The trilinear flow couples three linear flow regions, including the outer reservoir beyond the tips of the hydraulic fractures, inner reservoir between the hydraulic fractures, and the hydraulic fracture.
Compound Linear Flow (Trilinear Flow)
Compound Pseudoradial Flow
The Compound Pesudoradial flow couples radial flows in two contiguous flow regions, the outer reservoir beyond the tips of the hydraulic fractures and the inner reservoir between hydraulic fractures. Due to the nature of horizontal wells, it might be very difficult to economically produce till the production flow reaches a compound pseudoradial flow 
OBJECTIVE AND METHODOLOGY
The objective of this research is to analyze the impact of the reservoir and the fracture properties of horizontal well on flow regimes. The following methodology was employed to achieve the objectives: A numerical reservoir model was developed to predict the pressure as a function of time.
The impact of the number of hydraulic fractures on flow regimes was investigated.
The impact of the fracture properties on flow regimes was investigated.
The impact of reservoir properties on the flow regimes was investigated.
Numerical Models
The Eclipse was used in this study to develop the numerical reservoir model. The model was developed with a horizontal well and multiple hydraulic fractures in a very low permeability reservoir. In addition, the model consisted from five layers. The reservoir model is produced at a constant rate for one year. Table 2 shows the parameters and values in the base model and Table 3 shows the ranges of value used in the model. Figures 10 and 11 illustrate the two base models used in this study.
Base Model Parameters and Assumptions
In order to understand the impact of different reservoir and fracture parameters on the flow regimes, a series of cases (numerical reservoir models) were derived from the base case by changing a particular parameter while keeping the other parameters unchanged and were run using a commercial reservoir simulator. The following items are the reservoir and fracture parameters which impacts were studied: i.
Number of hydraulic fractures
The investigation assumes that the horizontal well was hydraulically fractured at the center of the well length (L/2) with one fracture. The base model parameters used are; drainage area = 4000 x 2000 ft 2 , horizontal well length = 3000 ft, reservoir permeability (kx=ky) = 0.001 md and (Kz) = 0.0001 md, fracture half length (Xf) = 500 ft, the fracture width (w f ) =0.1 inch, fracture permeability (k f ) = 10,000 md and the fracture porosity is 10%. Also, more than one fracture were added to the model to see how the results may change based on the number of the fractures in the horizontal well.
ii.
Reservoir permeability
To study the impact of the permeability on flow regimes, few more cases were run with lower permeability values in x, y, z directions. The reservoir permeability were 0.0001 md in x and y directions and 0.00001 md in z directions. Also, this case used for different numbers of hydraulic fractures.
iii. Fracture width
In order to investigate the impact of the fracture width on flow regimes, the lower fracture width was used, w f = 0.01 inch. This case was run in different values of reservoir permeability, kx= 0.001 md and 0.0001 md.
iv. Drainage area and horizontal well length
The drainage area and the horizontal well length configuration are considered in this section, the drainage area was to 4000 ft in length and 1000 ft in width with the horizontal well length of 4000 ft as shown in Figure 1 . This case was run with different values of the reservoir permeability. kx = 0.001 md and 0.0001 md.
v. Fracture permeability
Two different values of fracture permeability were used in this study. 10,000 md and 40,000 md.
vi. Fracture half length
To examine the impact of the fracture half length on flow regimes, two values of fracture half length were used -300 ft and 500 ft.
vii. Fracture porosity
The fracture porosity was varied from 5% to 50%.
Every derived case was run for the number of hydraulic fractures of 1, 2, 3, 4, 7, and 13 except the cases where fracture permeability, fracture half length, and fracture porosity were studied.
Pressure derivative vs. time plot was used for all above cases. In addition, these cases were run at base model parameters that are mentioned in Table 2 .
Data Analysis
Five-point method was used to estimate the derivative pressure as shown in Figure 12 . The following procedure used to identify the flow regimes in this study:
Plot pressure derivative versus time on log-log plot (Diagnostic Plot). The slopes of the pressure derivative curve are mainly used to identify flow regimes.
Identify fracture radial flow when zero slope straight line appears Identify bilinear flow when a quarter-slope straight line appears.
Identify the formation linear flow when a half-slope straight line appears 
The Impact of Fracture Width on Flow Regimes
The cases similar to Figure 13 through Figure 16 were run with a reduced fracture width of 0.01 inch and the results are plotted in Figure 17 through Figure 20 . The fracture radial flow is observed for higher permeability cases as shown in Figure 17 and Figure 18 . For the other two cases, Figure 19 and Figure 20 , with lower reservoir permeabilities, no fracture radial flow is observed, but the bi-linear flow is present and it was followed by one linear flow. 
The Impact of Drainage Area and Horizontal Well Length on Flow Regimes
The purpose of these runs is to investigate the second linear flow as shown in Figure 21 through Figure 24 . The appearance of the second linear flow is not caused by the outer regions because the extent of the horizontal well is the same as the length of the drainage area and the extent of the fracture length is the same as the width of the drainage area. Therefore, one linear flow was perpendicular to the fracture while the other one was parallel to the fracture or perpendicular to the horizontal well. In Figure 21 through Figure 24 , it is found that the second linear flows appear in the cases where the fracture numbers are less than four. When the number of fractures becomes more than four, the spacing between the fractures comes closer and only one linear flow is observed. 
The Impact of Fracture Permeability on Flow Regimes
The fracture permeability was varied into two values -10,000 md and 40,000 md. It was found that the fracture permeability has no impact on flow regimes. Figure 2 and Figure 2 are plotted for four and thirteen hydraulic fractures and no effect of the fracture permeability on flow regimes was observed. 
